Summary. Plasma concentrations of testosterone, androstenedione and progesterone in freemartins, and normal cyclic and non-cyclic heifers were studied. The plasma testosterone concentrations were in general <10 pg/ml in all animals. The mean androstenedione concentration of 28 pg/ml in 10-to 12-month-old freemartins was significantly lower than the mean of 58 to 60 pg/ml for normal 10-to 12-month-old heifers. At 24 months of age the mean androstenedione concentration in the freemartins had risen significantly to 65 pg/ml.
INTRODUCTION
Although there have been extensive studies on the freemartin syndrome (for review, see Marcum 1974) , only a few of these have been concerned with hor¬ mone metabolism. Short et al. (1969) found high concentrations of androstene¬ dione and testosterone in the gonads of a highly masculinized freemartin, and suggested that endogenous production of these male hormones may have caused the masculinization. Pierrepoint et al. (1969) , following their investiga¬ tions on dehydroepiandrosterone and testosterone metabolism in vitro by free¬ martin gonads of "streak type resembling gonadal dysgenesis", concluded that the steroidogenic activities were poor but that the observed enzyme activities were of the same order as those of stromal tissue from normal heifer ovaries.
Johnson et al. (1970) suggested that the plasma progesterone concentrations in 1-year-old freemartins were significantly lower than those in normal heifers, and also found that freemartins with gonads had higher plasma concentrations of progesterone and testosterone than freemartins without gonads. However Randel et al. (1971) , who found much higher plasma progesterone concentra¬ tions in 6-to 11-month-old freemartins than those reported by Johnson et al. (1970) , did not observe any significant difference in plasma progesterone levels between normal heifers and freemartins of the same age. In this study, we present data on the plasma concentrations of testosterone, androstenedione and progesterone in freemartins, and normal non-cyclic and cyclic Friesian heifers.
MATERIALS AND METHODS

Experimental animals
Freemartins. Six Friesian heifers, aged 10 to 12 months, were initially identi¬ fied as freemartins after clinical examination of a herd of heifers which had been purchased as 1-week-old calves. Digital palpation of the internal genital organs was carried out per rectum and the gross details of the broad ligaments, various portions of the genital tracts, gonads and associated structures were assessed as described by Millar & Ras (1952) (Pollock, 1973 When five of the freemartins were sampled again at 24 months of age, the plasma testosterone concentrations were all <10 pg/ml. Plasma andro¬ stenedione levels (Table 1) were elevated, each animal showing a higher value than any recorded at the earlier age. The mean ( + S.E.) androstenedione concentration for the five freemartins at 24 months of age (65 + 6 pg/ml) was significantly higher (P<0-001) than the overall mean for the six animals aged 10 to 12 months (28 pg/ml). The mean ( + S.E.) plasma testosterone and andro¬ stenedione concentrations of the eleven 2-year-old freemartins not previously investigated were <10 pg testosterone/ml, and 65 + 9 pg androstenedione/ml. Text-fig. 2 . The concentrations of testosterone were consistently below 10 pg/ml in three heifers (NCH573, NCH581, and NCH582), and were 10 to 24 pg/ml in NCH689. All four heifers showed a similar pattern of plasma androstenedione concentrations during the 20-day observation period. There was no significant difference between individual heifers in the means of plasma androstenedione levels, which were 54 to 66 pg/ml (see Table 1 ). The overall mean plasma androstenedione concentration for the four heifers (58 pg/ml) was significantly higher (P<0-001) than the overall mean of the six 10-to 12-month-old freemartin heifers (28 pg/ml). All the plasma samples from the four heifers had progesterone concentrations of less than 1 ng/ml. Only one (CH644) had plasma testosterone levels greater than 10 pg/ml which ranged from 14 to 24 pg/ml in four samples. The patterns of plasma androstenedione levels were similar to those in the non-cyclic heifers. The mean plasma androstenedione concentration of the cyclic heifers was not signi¬ ficantly different from that of the non-cyclic heifers or that of the 24-month-old freemartins, but was significantly higher (P< 0-001) than that found for the 1 ¬ 12-month-old freemartins. The plasma progesterone concentrations in the cyclic heifers were typical of those of normal cyclic cows in that low concentra¬ tions ( < 1 ng/ml) were observed during the first 4 days of the cycle, followed by a rise to maximum values of 5 to 15 ng/ml during the luteal phase, and returning to the low basal levels by Days 17 to 20 of the cycle. 
DISCUSSION
The observations on the six 1-year-old freemartin heifers show that the plasma concentrations of the androgenic steroids were extremely low. Only 25% of the plasma samples had testosterone values > 10 pg/ml, and the mean androstene¬ dione concentrations of individual freemartins were in the range of 11 to 37 pg/ml and were significantly lower than those for normal non-cyclic and cyclic heifers. Although the plasma progesterone values were in general low, it seems that these freemartins may be classified into two types, (1) those having con¬ sistently low plasma progesterone (< 0-5 ng/ml) and (2) those showing occasional surges in plasma progesterone (>0-5 ng/ml). These results show that the six freemartins had the ability to synthesize both androstenedione and progesterone, but the observation that the mean plasma androstenedione concentrations were significantly less than those found in normal heifers suggests that for this steroid the rate of secretion and/or production was lower in the freemartins than in the normal heifers. It is also apparent from the results for plasma Randel et al. (1971) made a similar observation, the extremely high plasma progesterone values they found in 6-to 11-month-old normal heifers (mean > 4 ng/ml) compared to those found in normal non-cyclic heifers in the present study (all values < 1 ng/ml) makes a direct comparison difficult. The mean plasma progesterone concentrations for the six freemartins were in the range of 0-09 to 0-36 ng/ml which is comparable to the mean value of 0-4 ng/ml for freemartins without gonads (Johnson et al., 1970) . We have suggested, however, that on the basis of the plasma progesterone pattern these freemartins may be divided into two groups, the first maintaining levels less than 0·5 ng/ml and the second displaying surges in progesterone concentration with values of 0-5 to 1 -6 ng/ml. It seems unlikely that the 'second type' of freemartin is similar to the freemartins with gonads described by Johnson et al. (1970) as the plasma testosterone levels in the 'second type' were in general less than 10 pg/ml whereas the freemartins with gonads had much higher values, with a mean concentration of 57 pg/ml. Randel et al. (1971) have sug¬ gested that some of the plasma progesterone may be derived from the adrenal cortex and it is therefore possible that, under conditions of stress, surges in plasma progesterone might occur. In the present experiment, the most likely time for stress would be at the start of the bleeding schedule when the heifers were not conditioned to the experimental procedures. As, however, progesterone surges were not observed in any of the four normal non-cyclic heifers and three of the freemartins, and the earliest plasma surge occurred on Day 9 when the heifers had already been bled six times, it seems unlikely that the plasma progesterone surges in the freemartins were of adrenal origin. If 
